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The present invention relates to a process for the industrial synthesis of strontium ranelate 
of formula (I) : 




(the distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2- 
thiophenecarboxylic acid), and its hydrates. 

Strontium ranelate has very valuable pharmacological and therapeutic properties, 
especially pronounced anti-osteoporotic properties, making this compound useful in the 
treatment of bone diseases. 

Strontium ranelate, its preparation and its therapeutic use have been described in the 
European Patent Specification EP 0 415 850. 

However, industrial production of a compound such as strontium ranelate requires detailed 
study of all the reaction steps and of the selection of starting materials, reagents and 
solvents in order to obtain optimum yields. 

The Applicant has developed a synthesis process for strontium ranelate of formula (I) in 
which such conditions have been combined, resulting in the use of a whole group of 
especially valuable methods and procedures. 

The Patent Specification EP 0 415 850 describes the synthesis of strontium ranelate 
starting from the ethyl tetraester of formula (Ha) : 
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H 5 C 2 0 2 C 




-C0 2 C 2 H 5 



which is itself obtainable starting from the ethyl diester of formula (Ilia) 



H 5 C 2 0 2 C 




(Ilia). 



Synthesis of the intermediate of formula (Ilia) has been described in the publication Bull. 
5 Soc. Chim. France 1975, pp. 1786-1792 and in the publication J. Chem. Tech. Biotechnol. 
1990, 47, pp. 39-46, by reaction between diethyl 3-oxoglutarate, malononitrile and sulphur 
in ethanol, in the presence of morpholine or diethylamine. 

That process has the advantage of using readily accessible starting materials and of being 
simple to put into practice; however, when transferred to the scale of several hundred 
10 kilograms, it does not allow the compound of formula (Ilia) to be obtained in a yield 
greater than 70 %. 

In order to synthesise strontium ranelate of formula (I) industrially, the Applicant has 
developed an effective industrial synthesis process allowing the intermediate of 
formula (III) : 



15 




(HI), 



wherein R represents a linear or branched (Ci-C6)alkyl group, 
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to be obtained with a purity greater than 97 % and in a yield of 77 %, which is reproducible 
on an industrial scale. 

More specifically, the industrial synthesis of the diester of formula (III) which has been 
developed by the Applicant for the industrial synthesis of strontium ranelate of formula (I) 
5 uses, as starting material, the compound of formula (IV) : 

R0 2 C^Y^C0 2 R ^ 

o 

wherein R is as defined hereinbefore, 

which is reacted with malononitrile of formula (V) : 

NC^^CN (V) 

10 in methanol, 

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of 
formula (IV), 

to yield the compound of formula (VI) : 

O 




o" + / \ (VI), 
NC^ ^CN H 2 N^ O 



1 5 wherein R is as defined hereinbefore, 

which is then reacted with sulphur in an amount greater than 0.95 mol per mol of 

compound of formula (IV); 

the reaction mixture is then heated at reflux; 
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and the compound of formula (III) thereby obtained is isolated by precipitation in the 
presence of water, followed by filtration. 

The process, accordingly improved by the use of these very specific conditions, and 
especially by the intermediate formation of the compound of formula (VI), which can, if 
desired, be isolated, allows the compound of formula (III) to be obtained with excellent 
purity and in a yield of at least 77 % which is reproducible on the scale of several hundred 
kilograms, which represents a major gain in yield in view of the large tonnages of 
strontium ranelate produced. 

The amount of methanol is preferably from 1 to 3 ml per gram of compound of 
formula (IV). 

The temperature of reaction between the compounds of formulae (IV) and (V) is preferably 
less than 50°C. 

The reaction time at reflux after addition of the sulphur is preferably from 1 hour 
30 minutes to 3 hours. 

The second step in the process for the industrial synthesis of strontium ranelate of 
formula (I) developed by the Applicant comprises converting the compound of 
formula (III) into the compound of formula (II) : 




wherein R is as defined hereinbefore and R 1 represents a linear or branched (Ci-C 6 )alkyl 
group. 
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The journal Bull. Soc. Chim. France 1975, pp. 1786-1792, describes obtaining the 
compound of formula (Ha), a particular case of the compounds of formula (II) wherein R = 
R' = ethyl), by reacting 5-amino-3-(carboxymethyl)-4-cyano-2-thiophenecarboxylic acid 
with ethyl bromoacetate, in the presence of potassium carbonate, followed by isolation in a 
highly dilute aqueous-organic medium. 

However, the low yield of that reaction (65 %), the large amount of aqueous saline waste 
generated by that reaction and, above all, the very long reaction time (5 days) have 
completely precluded the use of that reaction on an industrial scale. 

In order to synthesise strontium ranelate of formula (I) industrially, the Applicant has 
developed a simple industrial synthesis process which allows the compound of formula (II) 
to be obtained in a very good yield, with a considerably shorter reaction time and excellent 
purity and in which the aqueous saline waste is completely avoided. 

More specifically, the industrial synthesis of the tetraester of formula (II) which has been 
developed by the Applicant for the synthesis of strontium ranelate of formula (I) uses, as 
starting material, the compound of formula (III) : 

CN 

ro 2 c v A AN 

jr( cm), 

R0 2 C-"\ g/^NH 2 

wherein R represents a linear or branched (Ci-C 6 )alkyl group, 
which is reacted with a compound formula (VII) : 




(VII), 



wherein R' represents a linear or branched (C|-C6)alkyl group, 
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in the presence of a catalytic amount of a Cg-Cio-type quaternary ammonium compound, 
and in the presence of potassium carbonate, 
at the reflux of an organic solvent; 
the reaction mixture is subsequently filtered; 
5 the mixture is then concentrated by distillation; 
a co-solvent is then added, 
and the reaction mixture is cooled and filtered 

to yield, after drying of the powder thereby obtained, the compound of formula (II). 

A Cg-Cio-type quaternary ammonium compound is understood to be a compound of 
10 formula (A) or a mixture of compounds of formula (A) : 

R 1 R 2 R 3 R4-N + *X (A) 

wherein Ri represents a (C r C 6 )alkyl group, R 2 , R3 and R4, which are the same or different, 
each represent a (C 8 -Cio)alkyl group, and X represents a halogen atom. 

C 8 -Cio-type quaternary ammonium compounds to which preference is given are the 
15 catalysts Adogen 464® and Aliquat 336®. 

Surprisingly, only the use of a Cg-Cio-type quaternary ammonium compound allows the 
compound of formula (I) to be obtained both with a greatly reduced reaction time and with 
very good selectivity, in contrast to other types of quaternary ammonium compounds, as 
the following Table shows : 
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Catalyst 


Duration of reaction 


Content of reaction 
mixture 


Tetrabutylammonium hydrogen sulphate 
(TBAHS) 


12 hours 


92% 


N,N-bis(2-hydroxyethyl)-N-methyl 
1 -dodecanaminium bromide 


18 hours 


82% 


Adogen 464® 


5 hours 


96 % 


Aliquat 336® 


4 hours 


95% 



Furthermore, the somewhat simplified isolation (the precipitation step followed by 
filtration has been replaced by simple filtration of the reaction mixture) allows, by virtue of 
the particular conditions developed, the compound of formula (II) to be obtained not only 
in a very good yield (89 %) but also with excellent purity (greater than 98 %), whilst 
avoiding the burden on the environment that the aqueous saline waste represented. 



- The amount of potassium carbonate is preferably from 2 to 3 mol per mol of compound 
of formula (III). 

- The amount of compound of formula (VII) is preferably from 2 to 3 mol per mol of 
compound of formula (III). 

- The initial volume of organic solvent is preferably from 6 to 12 ml per gram of 
compound of formula (III). 

- The organic solvents that are preferred for the reaction are acetone and acetonitrile. 

- The co-solvent that is preferred for isolation is methanol. 
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The third and final step in the process for the industrial synthesis of strontium ranelate of 
formula (I) developed by the Applicant comprises converting the tetraester of formula (II) 
into the distrontium salt of the corresponding tetraacid. 

The Patent Specification EP 0 415 850 describes three methods for that conversion. The 
5 third of the methods described, which comprises heating the compound of formula (Ha), a 
particular case of the compounds of formula (II), in an aqueous alcoholic medium, with 
strontium hydroxide, and then distilling off the ethanol and isolating the compound of 
formula (I) by precipitation, has the advantage of being extremely simple to perform. 

However, whilst operating under the conditions described for that third method, the 
10 Applicant has obtained strontium ranelate only in a yield of 80 % and with a purity of 
87 %. 

In view of the fact that strontium ranelate is insoluble in most solvents, its subsequent 
purification is extremely laborious. Such a method has therefore been incompatible with 
use of the strontium ranelate as a pharmaceutical active ingredient, which requires a purity 
1 5 greater than or equal to 98 %. 

The Applicant has developed an industrial synthesis process allowing strontium ranelate to 
be obtained not only with excellent chemical purity so that it does not require further 
treatment before being used as a pharmaceutical active ingredient but also in an excellent 
yield. 

20 More specifically, the final step in the process for the industrial synthesis of strontium 
ranelate of formula (I) developed by the Applicant uses the compound of formula (II) : 
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wherein R and R\ which are the same or different, each represent a linear or branched 
(Ci-C6)alkyl group, R preferably representing a methyl group and R* preferably 
representing a methyl or ethyl group, 

which is reacted with strontium hydroxide in an amount greater than or equal to 2 mol per 
5 mol of compound of formula (II), 
at the reflux of water, 
for at least 5 hours; 

the precipitate obtained is then filtered off whilst hot; 
the cake obtained is washed with boiling water 
10 to yield, after drying of the powder thereby obtained, the compound of formula (I) and its 
hydrates. 

Surprisingly, replacement of the ethanol/water mixture by water alone dramatically 
improves not only the purity of the strontium ranelate obtained but also the yield. 

- Moreover, dispensing with the ethanol distillation step further simplifies the process. 

15 The amount of water in the reaction mixture is preferably greater than or equal to 8 ml per 
gram of compound of formula (II). 

The amount of strontium hydroxide is preferably from 2 to 2.5 mol per mol of compound 
of formula (II). 

The Examples hereinbelow illustrate the invention but do not limit it in any way. 

20 Examples 1A and IB illustrate the first step in the Applicant's process for the industrial 
synthesis of strontium ranelate; Examples 2A, 2B, 2C and 2D illustrate the second step in 
that process; finally, Example 3 illustrates the third and last step in that process. 
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EXAMPLE 1A : Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene- 
carboxylate 

Introduce into a reactor 400 kg of dimethyl 3-oxoglutarate, 158 kg of malononitrile and 
560 litres of methanol and then, whilst maintaining the temperature of the reaction mixture 
5 below 40°C, 1 99.6 kg of morpholine. 

Then introduce 73.6 kg of sulphur and subsequently bring the mixture to reflux. 

After reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off 
the precipitate obtained, wash it and dry it. 

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate is thereby 
10 obtained in a yield of 77 % and with a chemical purity of 98 %. 

EXAMPLE IB : Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene- 
carboxylate 

Introduce into a reactor 400 kg of dimethyl 3-oxoglutarate, 158 kg of malononitrile and 
560 litres of methanol and then, whilst maintaining the temperature of the reaction mixture 
1 5 below 40°C, 1 99.6 kg of morpholine. 

The compound of formula (VII) thereby obtained, or the addition salt of methyl 3- 
(dicyanomethylene)-5-hydroxy-5-methoxy-4-pentenoate with morpholine, is isolated by 
filtration after cooling of the mixture and is then reacted with 73.6 kg of sulphur in 
methanol. 

20 The mixture is then brought to reflux. 

After reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off 
the precipitate obtained, wash it and dry it. 
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EXAMPLE 2A : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy- 
2-oxoethyl)-2-thiophenecarboxyIate 

Introduce into a reactor 400 kg of 5-amino-3-(carboxymethyl)-4-cyano-2-thiophene- 
carboxylic acid, 478 kg of potassium carbonate, 2810 litres of acetone, 16 kg of Adogen 
5 464® and 529.6 kg of methyl bromoacetate. 

Bring the temperature to 60°C. After refluxing for 5 hours, cool the reaction mixture and 
then filter it. Concentrate the filtrate obtained. 

Add methanol; cool and filter the suspension obtained, and then dry the powder. 

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
10 thiophenecarboxylate is thereby obtained in a yield greater than 85 % and with a chemical 
purity greater than 98 %. 

EXAMPLE 2B : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy- 
2-oxoethyl)-2-thiophenecarboxylate 

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
15 thiophenecarboxylate is obtained in the same manner as Example 1, but replacing Adogen 
464® by Aliquat 336®. 

EXAMPLE 2C : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy- 
2-oxoethyl)-2-thiophenecarboxylate 

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
20 thiophenecarboxylate is obtained in the same manner as Example 1, but replacing the 
acetone by acetonitrile. 
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EXAMPLE 2D : Methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2- 
oxoethyl)-2-thiophenecarboxylate 

Methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate is obtained in the same manner as Example 1, but replacing the 
529.6 kg of methyl bromoacetate by 578.1 kg of ethyl bromoacetate. 

EXAMPLE 3 ; 5-[Bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2- 
thiophenecarboxylic acid distrontium salt octahydrate 

Introduce into a reactor 770 kg of strontium hydroxide and 5,500 litres of water and then 
550 kg of methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxo- 
ethyl)-2-thiophenecarboxylate. Heat to reflux and continue refluxing for a minimum of 
5 hours; then filter the reaction mixture whilst hot, wash the cake with boiling water and 
dry the powder obtained. 

5-[Bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-thiophenecarboxylic acid 
distrontium salt octahydrate is thereby obtained in a yield of 96 % and with a chemical 
purity of 98%. 



First filing 

13 



CLAIMS 



1. Process for the industrial synthesis of strontium ranelate of formula (I) 




(I) 



and its hydrates, 
5 characterised in that the compound of formula (IV) 



R0 2 CT ^C0 2 R (IV), 

o 



wherein R represents a linear or branched (Ci-C 6 )alkyl group, 
is reacted with malononitrile of formula (V) : 

NC"^^CN (V) 

10 in methanol, 

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of 
formula (IV), 

to yield the compound of formula (VI) : 
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OR 



O" + / \ (VI), 
NC^ ^CN H 2 N v 



wherein R is as defined hereinbefore, 

which is then reacted with sulphur in an amount greater than 0.95 mol per mol of 

compound of formula (IV); 

the reaction mixture is then heated at reflux; 

and the compound thereby obtained is isolated by precipitation in the presence of water, 

followed by filtration, 

to yield the compound of formula (III) : 



R0 2 C 



CN 




(HI), 



wherein R is as defined hereinbefore, 
which is reacted with a compound of formula (VII) 

^OR' 

Br 




(VII), 



O 



in the presence of a catalytic amount of a Cg-Cio-type quaternary ammonium compound, 

and in the presence of potassium carbonate, 

at the reflux of an organic solvent; 

the reaction mixture is subsequently filtered; 

the mixture is then concentrated by distillation; 

a co-solvent is then added, 

and the reaction mixture is cooled and filtered 
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to yield, after drying of the powder thereby obtained, the compound of formula (II) : 




wherein R and R 1 are as defined hereinbefore, 

which is reacted with strontium hydroxide in an amount greater than or equal to 2 mol per 
mol of compound of formula (II), 
at the reflux of water, 
for at least 5 hours; 

the precipitate obtained is then filtered off whilst hot; 
the cake obtained is washed with boiling water 

to yield, after drying of the powder thereby obtained, the compound of formula (I) and its 
hydrates, 

it being understood that a Cg-Cio-type quaternary ammonium compound is a compound of 
formula (A) or a mixture of compounds of formula (A) : 

RiR 2 R 3 R4-N + -X (A) 

wherein Ri represents a (d-C 6 )alkyl group, R 2 , R3 and R4, which are the same or different, 
each represent a (C8-Cio)alkyl group, and X represents a halogen atom. 

2. Process for the industrial synthesis of compounds of formula (III) : 




(HI), 
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wherein R represents a linear or branched (Ci-C6)alkyl group, 
characterised in that the compound of formula (IV) : 



R0 2 C 




C0 2 R 



O 



(IV) 



is reacted with malononitrile of formula (V) 



NC CN 



(V) 



in methanol, 

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of 
formula (IV), 

to yield the compound of formula (VI) : 



10 



OR 




(VI), 



wherein R is as defined hereinbefore, 

which is then reacted with sulphur in an amount greater than 0.95 mol per mol of 
compound of formula (IV); 
the reaction mixture is then heated at reflux; 
15 and the compound of formula (III) thereby obtained is isolated by precipitation in the 
presence of water, followed by filtration. 

3, Process for the industrial synthesis of strontium ranelate of formula (I) : 
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and its hydrates, 

characterised in that the compound of formula (II) : 




wherein R and R', which are the same or different, each represent a linear or branched 
(Ci-C 6 )alkyl group, 

is reacted with strontium hydroxide in an amount greater than or equal to 2 mol per mol of 
compound of formula (II), 
at the reflux of water, 
for at least 5 hours; 

the precipitate obtained is then filtered off whilst hot; 
the cake obtained is washed with boiling water 

to yield, after drying of the powder thereby obtained, the compound of formula (I) and its 
hydrates. 

4. Synthesis process according to either claim 1 or claim 2, characterised in that the 
amount of methanol used in the synthesis of the compound of formula (III) is from 1 to 
3 ml per gram of compound of formula (IV). 



First filing 



18 



5. Synthesis process according to any one of claims 1 , 2 and 4, characterised in that the 
temperature of reaction between the compounds of formulae (IV) and (V) is less than 
50°C. 



6. Synthesis process according to any one of claims 1, 2, 4 and 5, characterised in that the 
5 refluxing time for the reaction between the compound of formula (VI) and sulphur is 

between 1 hour 30 minutes and 3 hours. 



7. Synthesis process according to claim 1, characterised in that the amount of potassium 
carbonate used in the synthesis of the compound of formula (II) is from 2 to 3 mol per 
mol of compound of formula (III). 

10 8. Synthesis process according to either claim 1 or claim 7, characterised in that the 
amount of compound of formula (VII) is from 2 to 3 mol per mol of compound of 
formula (III). 

9, Synthesis process according to any one of claims 1 and 6 and 8, characterised in that 
the initial volume of organic solvent used in the reaction of the compound of 
15 formula (III) with the compound of formula (VII) is from 6 to 12 ml per gram of 

compound of formula (III). 



10. Synthesis process according to any one of claims 1 and 6 to 9, characterised in that the 
organic solvent used in the reaction of the compound of formula (III) with the 
compound of formula (VII) is acetone or acetonitrile. 

20 11. Synthesis process according to any one of claims 1 and 6 to 10, characterised in that 
that the co-solvent used in the isolation of the compound of formula (II) is methanol. 



12. Synthesis process according to any one of claims 1 and 6 to 1 1 , characterised in that 
• the compound of formula (II) obtained has a chemical purity greater than 98 %. 
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13. Synthesis process according to either claim 1 or claim 3, characterised in that the 
amount of water used in the reaction of the compound of formula (II) with strontium 
hydroxide is greater than or equal to 8 ml per gram of compound of formula (II). 

14. Synthesis process according to any one of claims 1, 3 and 13, characterised in that the 
amount of strontium hydroxide is from 2 to 2.5 mol per mol of compound of 
formula (II). 



15. Synthesis process according to any one of claims 1, 3 and 7 to 14, characterised in that 
R represents a methyl group and R* represents a methyl or ethyl group. 
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La presente invention concerne un precede de synthese industriel du ranelate de strontium 
de formule (I) : 



,CN 




(I) 



ou sel distrontique de l'acide 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2- 
thiophenecarboxylique, et de ses hydrates. "H 

Le ranelate de strontium possede des proprietes pharmacologiques et therapeutiques ires 
interessantes, notamment des proprietes anti-osteoporotiques remarquables, qui rendent-ce 
compose utile dans le traitement des maladies osseuses. ■ 

Le ranelate de strontium, sa preparation et son utilisation en therapeutique ont ete decrits 
dans le brevet europeen EP 0415 850. 

Toutefois, la preparation industrielle d'un derive tel que le ranelate de strontium necessite 
une etude approfondie de toutes les etapes reactionnelles, du choix des matieres premieres, 
des reactifs, et des solvants permettant d'obtenir les rendements optima. 

La Demanderesse a mis au point un precede de synthese du ranelate de strontium de 
formule (I) dans lequel ces conditions ont ete reunies par {'utilisation d'un ensemble de 
techniques et precedes particulierement interessants. 

Le brevet EP 0415 850 decrit l'acces au ranelate de strontium a partir du tetraester 
ethylique de formule (Ila) : 
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H 5 C 2 0 2 C \ CN 



5 



10 





H 5 C 2 0 2 C'^\ s 3^n / ^ C0 2 C 2 H 5 (Ha), 



C0 2 C 2 K 5 



lui-meme accessible a partir du diester ethylique de formule (Ilia) : 

H 5 C 2 Q 2 C— \ / CN 

cma) 

H 5 C 2 0 2 C-^\ s /^nh 2 

L'acces a 1'intermediaire de formule (IHa) a ete decrit dans la publication Bull. Soc Chim 
France 1975, pp. 1786-1792 et dans .a publication J. Chem. Tech. Biotechnol. 1990 47 
PP. 39-46, par reaction entre le 3-oxoglutarate de diethyle, le malononitrile et le soufre' 
dans l'ethanol, en presence de morpholine ou de diethylamine. 

Ce precede presente 1'avantage d'utiliser des matieres premieres aisement accessibles et 
d'etre snnple a mettre en ceuvre, mais, transpose a 1'echelle de quelques centaines de kg il 
ne permet pas d'obtenir le compose de formule (Ilia) avec un rendement superieur a 70 %. 

La Demanderesse, pour synthetiser industriellement le ranelate de strontium de formule (I) 
a m» au pomt un precede de synthese industriel performant, permettant d'obtenir 
l'mtermediaire de formule (III) : 



CN 

(m) 



15 dans laquelle R represente un groupement alkyle ( Cl -C 6 ) lineaire ou ramifie, 
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avec une purete superieure a 97 % et un rendement au moins egal a 77 %, reproductible a 
1'echelle industrielle. 

Plus specifiquement, la synthese industrielle du diester de formule (III), mise au point par 
la Demanderesse pour la synthese industrielle du ranelate de strontium de formule (I), met 
5 en oeuvre comme matiere premiere le compose de formule (IV) : 



R0 2 (T ^ ^C0 2 R (IV) 
O 

dans laquelle R est tel que defini precedemment, 

que Ton met en reaction avec le malononitrile de formule (V) : 



NC CN 



(V) 



10 dans le methanol, 

en presence de morpholine en quantite superieure a 0,95 mole par mole de compose,de 
formule (IV), 

pour conduire au compose de formule (VI) : 



R<X /\ ^OR 

If 

O 




6- + / \ 



NC CN H 2 N O 



(VI) 



1 5 dans laquelle R est tel que defini precedemment, 

que l'on met ensuite en reaction avec du soufre en quantite superieure a 0,95 mole par mole 
de compose de formule (IV), 

que Ton chauffe ensuite le melange reactionnel au reflux, 

et que l'on isole le compose de formule (III) ainsi obtenu par precipitation en presence" 
20 d'eau, suivie d'une filtration. 
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Le precede, ainsi ameliore par l'utilisation de ces conditions tres specifies, et notamment 
par la formation intermediate du compose de formule (VI), eventuellement isolable, 
permet d'obtenir le compose de formule (III) avec une excellente purete et un rendemeni 
reproductible a l'echelle de quelques centaines de kg et au moins egal a 77 %, ce qui 
represente un gain de rendement capital, compte-tenu des tonnages importants de 'ranelate 
de strontium produits. 

De facon preferentielle, la quantite de methanol est comprise entre 1 et 3 ml par gramme 
de compose de formule (IV). 

La temperature de reaction entre les composes de formules (IV) et (V) est de preference 
inferieure a 50°C. 



Le temps de reaction au reflux apres addition du soufre est preferentiellement compris 
entre 1 h 30 et 3 h. 



La deuxieme etape du procede de synthese industriel du ranelate de strontium de formule 
(I) mis au point par la Demanderesse consiste a transformer le compose de formule (III) en 
compose de formule (II) : 



R0 2 C^ \ CN 



(II) 



dans laquelle R est tel que defini precedemment, et R' represente un groupement alkyle 
(Ci-C 6 ) lineaire ou ramifie. 



Le journal Bull. Soc. Chim. France 1975, pp. 1786-1792, decrit 1'obtention du derive de 
formule (Ha), cas particulier des composes de formule (II) pour lequel R = R- = ethyle, par 




reaction de l'acide 5-amino-3-(carboxymethyl)-4-cyano-2-thiophenecarboxylique avec le 
bromoacetate d'ethyle, en presence de carbonate de potassium, suivie d'un isoleraent en 
milieu hydro-organique tres dilue. 

Cependant, le faible rendement de cette reaction (65 %), la grande quantite de rejets 
aqueux salins generee par cette reaction, et surtout le temps de reaction tres important (5 
jours), etaient totalement dissuasifs quant a l'utilisation de cette reaction a l'echelle 
industrielle. 



La Demanderesse, pour synthetiser industriellement le ranelate de strontium de formule (I), 
a mis au point un procede de synthese industriel simple, permettant d'obtenir le composi 
de formule (II) avec un tres bon rendement, un temps de reaction considerablement tplus 
court et une purete excellente, et dans lequel les rejets aqueux salins sont complement 
supprimes. 

Plus specifiquement, la synthese industrielle du tetraester de formule (II), mise au point par 
la Demanderesse pour la synthese du ranelate de strontium de formule (I), met en ceuvre le 
compose de formule (III) : 



•v. 




(ET) 

dans laquelle R represente un groupement alkyle (C,-C 6 ) lineaire ou ramifie, 
que l'on met en reaction avec un compose de formule (VII) : 




laquelle R' represente un groupement alkyle (C,-C 6 ) lineaire ou ramifie, 
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en presence d'une quantite catalytique d'un ammonium quatemaire de type C 8 -C 10 , 

et de carbonate de potassium, 

au reflux d'un solvant organique, 

que l'on filtre ensuite le melange reactionnel, 
puis que Ton concentre le milieu par distillation, 
que l'on ajoute ensuite un cosolvant, 
refroidit et filtre le melange reactionnel, 

pour conduire, apres sechage de lapoudre ainsi obtenue, au compose de formule (II). 

Par ammonium quatemaire de type C 8 -C 10 , on entend un compose de formule (A) 
melange de composes de formule (A) : 



ou un 



RiR 2 R 3 R4-N + -X 



(A) 



OU 



dans laquelle R, represente un groupement alkyle ( Cl -C 6 ), R 2 , R 3 et identiques . u 
deferents, representent chacun un groupement alkyle (Q-C 10 ), et X represente un atome 
d'halogene. 



Les ammoniums quaternaires de type C 8 -C 10 preferes sont les catalyseurs Adogen 464® et 
Aliquat 336 . 



De fa 9 on surprenante, seule 1'utilisation d'un ammonium quatemaire de type Q-C 10 permet 
1'obtenfaon du compose de formule (II) a la fois avec un temps de reaction tres reduit et 
avec une tres bonne selectivity a la difference d'autres types d'ammoniums quaternaires 
20 comme le montre le tableau suivant : 



Catalyseur 


Duree de reaction 


Titre du milieu 
reactionnel 


Tetrabutylarnmoniumhydrogenosulfate 
(TBAHS) 


12 h 


92% 


Bromure de N,N-bis(2-hydroxyethyl)-N- 
methyl 1-dodecanamihium 


18h 


82% 


Adogen 464® 


5 h 


96% 


Aliquat 336® 


4h 


95% 



De plus, l'isolement, pourtant simplifie (l'etape de precipitation suivie d'une filtration a ete 
remplacee par une simple filtration du melange reactionnel) permet, grace aux conditions 
particulieres qui ont ete mises au point, d'obtenir le compose de formule (II), hon 
seulement avec un tres bon rendement (89 %), mais egalement avec une purete excellente 
(superieure a 98 %), et en supprimant la charge environementale que representaient les 
rejets aqueux salins. 

vr* 

- La quantite de carbonate de potassium est preferentiellement comprise entre 2 et 3 
moles par mole de compose de formule (III). 

- La quantite de compose de formule (VII) est preferentiellement comprise entre 2 et 3 
moles par mole de compose de formule (III). 

- Le volume initial de solvant organique est preferentiellement compris entre 6 et 12 ml 
par gramme de compose de formule (III). 

- Les solvants organiques preferes pour la reaction sont l'acetone et l'acetonitrile. 



Le cosolvant prefere pour l'isolement est le methanol. 
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La troisieme at dermere etape du precede de synthese industrial du ranelate de strontium da 
formula (I) mis au point par la Damanderesse consista a transformer la tetraester da 
formule (II) en sel distrontique du tetracide correspondant. 

Le brevet F.P 041^ «<n — •* ... . 

"~ °" mem0aes P° ur cette transformation. La troisieme des 
metises decri.es, qui co„sis t e a ehauffer ,e compose de fonnule (Ha,, cas particulier des 
compo^ de fonnu.e (H), en milieu hydroalcoolique, avee rhydroxyde de strontium, puis a 
dtstiHer 1 ethanol e, a isoler .e compose de formu.e (I) paI pri e ipM on, presente .Wantage 
d etre extremement simple a mettre en osuvre. 

Cependant, en operant dans les conditions decrites pour cede troisieme methode la 
Demanderesse tfa ob.enu le ranelate de strontium quW un rendemen, de 80 % =, une 
purete de 87 %. 

Or, le rane,a.e de strontium etan, insoluble dans la p.upar, des solvants, sa purification 
uueneure es, extremement laborieuse. Une tene methode etiu, done incompatible avec 
lutihsation du ranelate de strontium comme pnncipe actif pharmaceutique, qui necesstte 
une purete superieure ou egale a 98 %. 

La Demanderesse a mis au point un precede de synthese industriel pem.ettan, retention 
du ranelate de strontium, non seulemen, avec une puree chimique exce.lente „e 
necessttan, pas de retrai.emcn, avan, son utilisation comme pnncipe actif phannaceutique 
mais egalement avec un rendement excellent. 

Plus specifiquemem, ,'etape finale du precede de synthese industriel du ranelate de 
strontium de fomtule (!) mis au point par la Demanderesse me, en muvre le compose de 
formule (II) : r 
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R0 2 C- \ CN 





RO,C^^ s 3^n / ^ C0 2 R ' (IT) 



-C0 2 R' 



dans laquelle R et R, identiques ou differents, represented chacun un groupement alkyle 
(C,-C 6 ) lineaire ou ramifie, R representant de preference le groupement methyle, et R 
representant de preference un groupement methyle ou ethyle, 



que Ton met en reaction avec de lliydroxyde de strontium en quantite superieure ou egale a 
2 moles par mole de compose de formule (II), 
au reflux de l'eau, 
pendant au moins 5 heures, 
puis que Ton filtre le precipite obtenu a chaud, 
10 que Ton lave le gateau obtenu avec de l'eau bouillante, 

pour conduire, apres sechage de la poudre ainsi obtenue, au compose de formule (I) et a ses 
hydrates. 

- De facon surprenante, le remplacement du melange ethanol / eau par l'eau seule 
ameliore de facon drastique, non seulement la purete du ranelate de strontium obtenu, 

15 mais encore le rendement. 

- D'autre part, la suppression de l'etape de distillation de l'ethanol simplifie encore le 
precede. 

La quantite d'eau dans le melange reactionnel est preferentiellement superieure ou egale a 
8 ml par gramme de compose de formule (II). 



20 



La quantite d'hydroxyde de strontium est preferentiellement comprise entre 2 et 2,5 moles 
par mole de compose de formule (II). 



1er depot 



10 



Les exemples ci-dessous illustrent IWntion, mais ne la limitent en aucune fa 9 on. 

Les exemples 1A et IB illustrent la prendre etape du precede de synthase mdustriel du 
ranelate de strontium par la Demanderesse ; les exemples 2A, 2B, 2C et 2D, la deuxieme 
etape de ce precede ; enfin, 1'exemple 3 illustre la troisieme et derniere etape de ce precede 



5 EXEMMJ^ : 5-Amina-4-cya„o-3-(2- m ethoxy-2-oxoethyl)-2-thioph^ecarbox y Iate 

de methyle. 

Charger dans un reacteur 400 kg de 3-exo g lutarate de dimethyle, 158 leg de malenenitrile 
et 560 1 de methanol, puis, en maintenant la temperature du milieu reactionnel inferieure a 
40°C, 199,6 kg de morpholine. 

10 Charger ensuite 73,6 kg de soufre, puis amener le melange au reflux. 

Apres 2 h de reaction, ceuper le reflux, ajeuter de 1'eau jusqu'a precipitation. Filtrer le 
precipite obtenu, le laver et le secher. 

Le 5-amino-4-cyano-3K2-methexy-2-exoethyl)-2-thio P henecarboxyIate de methyle est 
am S1 obtenu avec un rendement de 77 % et une purete chimique de 98 %. 

15 : 5 - Amin ^ 4 -^»o-3K2.m^hoxy-2-o X oethyl)-2-thi 0 phenecarb 

de methyle. 

Charger dans un reacteur 400 kg de 3-oxog.ntara«e de dimethyle, 158 kg de nuuononitrUe 
« 560 1 de methanol, pnis, en maintenant , s temperantre dn milien reactionnel inferieure a 
40°C, 199,6 kg de morpholine. 

20 Le compose de fonnule (VII) ainsi obtenn, on sel d'addition dn 3-(dicyano m ethy,ene>5- 
hydro X y-5-me,hoxy-4-pen,enoa.e de methyle avec la mmpholine, est isole par filtration 
apres reffoidissemen, dn milien, puts mis en reaction dans le methanol avec 73 6 kg d. 
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soufre. 

Le melange est ensuite amene au reflux. 

Apres 2 h de reaction, couper le reflux, ajouter de l'eau jusqu'a precipitation. Filtrer le 
precipite obtenu, le laver et le secher. 

EX£M£LE 2A : 5-[Bis(2-m^thoxy-2-oxoethyl)aminol-4-cyano-3-(2-methoxy-2- 
oxoethyI)-2-thiophenecarboxylate de methyle. 

Dans un r6acteur, charger 400 kg d'acide 5-amino-3-(carboxymethyl)-4-cyano-2- 
thiophenecarboxylique, 478 kg de carbonate de potassium, 2810 1 d'acetone, ,46 kg 
d'Adogen 464® et 529,6 kg de bromoacetate de methyle. <' 

Amener la temperature a 60°C. Apres 5 h de reflux, refroidir le melange reactionnel, puis 
le filtrer. Concentrer le filtrat obtenu. 

Ajouter du methanol, refroidir et filtrer la suspension obtenue, puis secher la poudre. 

Le 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene- 
carboxylate de methyle est ainsi obtenu avec un rendement superieur a 85 % et une purete 
chimique superieure a 98 %. 

EXEMPT Jg 2B : 5-{Bis(2-methoxy-2-oxoethyl)aminoJ-4-cyaBO-3-(2-methoxy-2- 
oxoethyl)-2-thiophenecarboxylate de methyle. 

Le5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene 
carboxylate de methyle est obtenu de la meme fa9on que dans 1'exemple 1, en rempla 9 ant 
lAdogen 464® par lAliquat 336®. 
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EXEMPT ,F, 2Cj 5-rBis(2-methoxy-2-axoahyl)aminoJ-4-cyano-3-(2-metIioxy-2- 
oxoethyl)-2-thiopheHecarboxylate de methyle. 

Le5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-^ 
carboxylate de methyle est obtenu de la meme facon que dans 1'exemple 1, en remplacant 

1'Q^£fr*ne» Vn~A4- 11- 

* "vvkvuw pen i av/CiuillUHC. 

EXEMPT E2T>: S-[Bis(2-^tJioxy-2-oxoethyl)ammo]-4-cyano-3-(2-methoxy-2- 
oxoethyl)^2-thiophenecarboxylate de methyle. 

Le 54bis(2-ethox y -2-oxoethyl) a mino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-tm 
carboxylate de methyle est obtenu de la meme fa P on que dans 1'exemple 1, en remplacant 
les 529,6 kg de bromoacetate de methyle par 578, 1 kg de bromoacetate d'ethyle. 

EXEMPT E V: Sel distrontique de 1'acide 5-[bi S (carboxymethyl)amino]-3- 
carboxymethyI-4-cyano-2-thiophenecarboxyIique,octahydrate. 

Charger dans un reacteur 770 kg d'hydroxyde de strontium et 5 500 1 d'eau, puis 550 kg de 

5-[bis(2-methoxy-2-oxoemyl)amino]-4-cyano-3-(2-methox y -2-oxoethyl)-2-tm 
carboxylate de methyle. Porter au reflux et maintenir le reflux pendant 5 heures minimum 
puis filtrer le melange reactionnel a chaud, laver le gateau par de 1'eau bouillante, et secher 
la poudre obtenue. 

L'octahydrate du sel distrontique de 1'acide 5-[bis(carboxymethyl)amino]-3- 
carboxymethyl-4-cyano-2-thiophenecarbox y li q ue est ainsi obtenu avec un rendement de 
96% et une purete chimique de 98 %. 
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REVENDICATTONS 

1 . Procede de synthese industriel du ranelate de strontium de formule (I) 

,CN 

2Sr 2+ 

(I) 




et de ses hydrates, 

caracterise en ce que l'on met en reaction le compose de formule (IV) : 

R0 2 C^^^C0 2 R (IV ) 
O 

dans laquelie R represente un groupement alkyle (C,-C 6 ) lineaire ou ramifie, 
avec le malononitrile de formule (V) : 

NC-^^CN (v) 

dans le methanol, 

en presence de morpholine en quantite superieure a 0,95 mole par mole de 
formule (IV), 

pour conduire au compose de formule (VI) : 



1er depot 




(VI) 



An*-, 1 -11 T-\ 

uaiio - -■ 



ia 4 uezie *l est tel que defini precedemment, 
que Ton met ensuite en reaction avec du soufre en quantite superieure a 0,95 mole par mole 
de compose de formule (IV), 

que 1'on chauffe ensuite le melange reactionnel au reflux, 

et que Ton isole le compose ainsi obtenu par precipitation en presence d'eau, suivie d'une 
filtration, 

pour conduire au compose de formule (III) : 




(HI) 



1 0 dans laquelle R est tel que defini precedemment, 

que Ton met en reaction avec un compose de formule (VII) 



Br 




OR' 



O 



(VH) 



15 



en presence d'une quantite catalytique d'un ammonium quaternaire de type C 8 -C I0 , , 

et de carbonate de potassium, 

au reflux d'un solvant organique, 

que l'on filtre ensuite le melange reactionnel, 

puis que l'on concentre le milieu par distillation, 

que l'on ajoute ensuite un cosolvant, 

refroidit et filtre le melange reactionnel, 



1er depot 
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15 

pour conduire, apres sechage de la poudre ainsi obtenue, au compose de formule (n) 




(ID 



C0 2 R' 



e a 

¥< 



dans laquelle R et R' sont tels que definis precedemment, 

que Ton met en reaction avec de I'hydroxyde de strontium en quantite superieure ou egal 
2 moles par mole de compose de formule (II), 
au reflux de Teau, 
pendant au moins 5 heures, 
puis que Ton filtre le precipite obtenu a chaud, 
que Ton lave le gateau obtenu avec de l'eau bouillante, 

pour conduire, apres sechage de la poudre ainsi obtenue, au compose de formule (I) et a ses 
hydrates, 

etant entendu que par ammonium quaternaire de type C 8 -C, 0 , on entend un compose de 
formule (A) ou un melange de composes de formule (A) : 

R,R 2 R 3 R4-N + -X (A) 



3S OU 



15 dans laquelle R, represente un groupement alkyle (C,-C 6 ), R 2 , r 3 e t R,, identiques 

differents, representent chacun un groupement alkyle (C 8 -C 10 ), et X represente un atome 
d'halogene. 



2. Procede de synthese industriel des composes de formule (III) : 
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(in) 



dans laquelle R represente un erounfimftnt ^.^m:.;.:.., 

& .. r „ „„ VJ , iV/ v ^,-^ 6 ^ iiucaire ou ramine, 

caracterise en ce que l'on met en reaction le compose de formule (IV) : 




RQ 2 CT V ^GO.R 



2* (IV) 

o 



avec le malononitrile de formule (V) 
dans le methanol, 



(V) 



en presence de morpholine en quantite superieure a 0,95 mole par mole de compose de 
formule (IV), 

pour conduire au compose de formule (VI) : 



RO 




o- + / \ 
CN H,N O 
\ / 



(VI) 



dans laquelle R est tel que defmi precedemment, 

que l'on met ensuite en reaction avec du soufre en quantite superieure a 0,95 mole par mole 
de compose de formule (IV), 

que l'on chauffe ensuite le melange reactionnel au reflux, 
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et que 1'on isole le compose de formule (III) ainsi obtenu par precipitation en presence 
d'eau suivie d'une filtration. 



3. Precede de synthese industriel du ranelate de strontium de formule (I) 




(I) 



et de ses hydrates, 

caracterise en ce que Ton met en reaction le compose de formule (II) 



R0 2 C \ CN 




(ID 



C0 2 R 



dans laquelle R et R', identiques ou differents, represented chacun un groupement alkyle 
(Ci-C<;) lineaire ou ramifie, 

avec de l'hydroxyde de strontium en quantite superieure ou egale a 2 moles par mole de 

compose de formule (II), 

au reflux de 1'eau, 

pendant au moins 5 heures, 

puis que Ton filtre le precipite obtenu a chaud, 

que l'on lave le gateau obtenu avec de l'eau bouillante, 

pour conduire, apres sechage de la poudre ainsi obtenue, au compose de formule (I) et a ses 
hydrates. 
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4. Precede de synthese selon 1'une quelconque des revendications 1 ou ? 

ceque la quantite de methanol utilise dans la svntV 7 ' " 

uuuse dans la synthese du compose de formule mn ~t 
compnse entie , e , 3 mI par „ de ^ & ^ ^ fo <™* WO - 

5. Precede d, ^ seIon , w que|conque revendicad 

: f i::;;:r ature de — - - * — ™~ 

6. Precede desymheae salon I'one q oelcon q ne des revendications 1 2 4ou5 carac,- • • 
en ce qU e ,e .emps de .action an re fllK enfre , e compos4 de ^ 

est compris entre 1 h 30 et 3 h. } S ° Ufre 

7, Procede de synthese selon la revendication 1 caracteri.e 

carbonate de potassium utilise dans la ^£TT ^ ~ * 

id symnese du compose de formula rm 
compnse entre 2 e> 3 mol es par mole de compose de formole (In). ^ 

8. Precede de synthese seton fnne q ne.eon qu e des revendications . en 7 caraciense 
ce ,u ,a qU anti, 4 de compo, de fcm n,e (VII) es, comprise entre 72 
mole de compose de formule (III). par 

9. Precede de synthese selon .We quelconque des revendications , en 6 a 8 caracm ■ • 
iuimuie (ui) avec le compose de formule A/m Mt 

Srammede compose de formnle (III). " " 6 « ' 2 "* «" 

10. Precede de syrtthese selen ,,ne qnelconqne des revendications 1, on 6 4 9 c _, 
en ce qu e ,e solvan, or g ani q ne ^ pour Ia , 4acl , on d „ ^ ^ ~ 
avec le compose de formnle (Vn) est Pacetone on race.eni.nle. ' 

U. Precede de synth4se selen Pane q ne,co„q„e des revendications ,, on 6 a ,0 caracens' 
- ce q ne ,e coselvan. otitis, peer ,,oleme„. dn compos, de J^^l 



-1er~dep6t- 
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methanol. 



12. Precede de syn.hese selon IW quelconque des revmdications 

en ce q ue ,e compose de fonnule ffl, obt e„n a nne pnre.e cMmique ^ , ^ 

13. Precede de symhese selon r„ n e queto^ue des revend.ea.ions , ou 3 carac.erise en 
ce ,ne „ „ tfeau utiljsfc _ „ ^ fc fomm ~ ^ 

strontram ~ supfc,euie ou * gaie 4 s mi - — * ~ * 

14. Precede de synmese se.on Tune q uelco„ q „e des revendicadons .. 3 ou .3 earacerise 
en ce ,„e ,a q nan ti ,e d, y dro xy de de s,rondom «, compHse emre 2 e. 2,' 5 XpL 
mole de compose de formule (II). P 

IS- Precede de synthase se.on I'une ,uelcen q ne des revendications I, 3 on 7 a 14 
carac.er,e en ce q ne R re presen,e ,« gronpemen, mem yl e « R r^sen, £ 
groupement methyle ou ethyle. • sente 1111 
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